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(54)  Porphyrin  derivatives. 

Porphyrin  derivatives  containing  a  dipyrido[1,2-  a:3',2'-' 
d]imidazole  moiety  and  a  porphyrin  moiety  therein  and 
metal  complexes  thereof  are  disclosed.  These  derivatives 
possess  enhanced  oxygen-dependent  DNA  cleaving  ability 
and  are  effective  as  antitumor  agents. 



BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   p o r p h y r i n   d e r i v a t i v e s  

h a v i n g   t h e   s t r u c t u r e   of  b i n d i n g   a  p o r p h y r i n   m o i e t y   p o s s e s s i n g  

v a r i o u s   p h y s i o l o g i c a l   f u n c t i o n s   w i t h   s p e c i f i c   h e t e r o c y c l i c  

c o m p o u n d s   or   d i p y r i d o [ 1 , 2 - a : 3 ' , 2 ' - d ] i m i d a z o l e s   v i a   a  c h a i n  

s t r u c t u r e   c o n t a i n i n g   amino   g r o u p s ,   and  m e t a l   c o m p l e x  

c o m p o u n d s   t h e r e o f .   T h e s e   c o m p o u n d s   a r e   u s e f u l   as  p h a r m a c e u -  

t i c a l s .  

DEVELOPMENT  OF  THE  INVENTION 

An  o x y g e n - d e p e n d e n t   DNA  c l e a v a g e   i s   one  of  i m p o r t a n t  

mode  of  a c t i o n   f o r   a n t i t u m o r   a g e n t s .   The  p r e s e n t   i n v e n t o r s  

have   d i s c o v e r e d   t h a t   p o r p h y r i n   d e r i v a t i v e s   r e p r e s e n t e d   b y  

g e n e r a l   f o r m u l a   ( I )   d e s c r i b e d   h e r e i n a f t e r   p o s s e s s   e n h a n c e d  

o x y g e n - d e p e n d e n t   DNA  c l e a v i n g   a b i l i t y   and  a r e   q u i t e  e f f e c t i v e  

as  a n t i t u m o r   a g e n t s   w h i c h   can   be  a d m i n i s t e r e d   o r a l l y   o r  

p a r e n t e r a l l y .  

SUMMARY  OF  THE  INVENTION 

The  p o r p h y r i n   d e r i v a t i v e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

r e p r e s e n t e d   by  g e n e r a l   f o r m u l a   ( I ) :  



w h e r e i n   R1  r e p r e s e n t s   a  l o w e r   a l k y l   g r o u p ,   -CH=CH2,  

-CH2CH2CO2H,  a  s u b s t i t u t e d   or   u n s u b s t i t u t e d   a r y l   g r o u p ;   h  

r e p r e s e n t s   0  t o   8  w h e r e i n ,   when  h  i s   n o t   s m a l l e r   t h a n   2,  R1 

e a c h   may  be  t h e   same  or  d i f f e r e n t ;   X  r e p r e s e n t s  

or  -CH2CH2- ;   m  r e p r e s e n t s   an  i n t e g e r   of  2 

to   4;  n  r e p r e s e n t s   0  to   4;  Y  r e p r e s e n t s   - ( C H 2 ) l -   o r  - C O - ( C H 2 ) l  

-CO-  w h e r e i n  l   r e p r e s e n t s  a n   i n t e g e r   of  2  to   5;  R2 

r e p r e s e n t s   H  or   a  l o w e r   a l k y l   g r o u p ;   and  k  r e p r e s e n t s   a n  

i n t e g e r   of  1  t o   4 .  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   m e t a l   c o m p l e x  

c o m p o u n d s   of  t h e   p o r p h y r i n   d e r i v a t i v e s   r e p r e s e n t e d   by  g e n e r a l  

f o r m u l a   ( I )   a b o v e .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  l o w e r   a l k y l   g r o u p   shown  by  R1  or   R2  m e a n s . a n   a l k y l  

g r o u p   h a v i n g   1  to   4  c a r b o n   a t o m s .   Of  t h e   l o w e r   a l k y l   g r o u p  

shown  by  R1,  -CH3  i s   p a r t i c u l a r l y   p r e f e r r e d .  

T y p i c a l   e x a m p l e s   of  t h e   s u b s t i t u e n t s   of  t h e   s u b s t i -  



t u t e d   a r y l   g r o u p   shown  by  R2  i n c l u d e   an  a l k y l   g r o u p   h a v i n g   1 

to  4  c a r b o n   a t o m s ,   a  h a l o g e n   a t o m ,   e t c .  

Of  t h e   p o r p h y r i n   d e r i v a t i v e s   and  m e t a l   c o m p l e x  

c o m p o u n d s   t h e r e o f   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,  

F e I I I -   or  C u I I - c o m p l e x   c o m p o u n d s   of  t h e   p o r p h y r i n   d e r i v a t i v e s  

shown  by  g e n e r a l   f o r m u l a   ( I )   w h e r e i n   h  i s   3  to   7,  X  i s  

-CH2CH2-  o r  w h e r e i n   t h e   s u b s t i t u e n t  

-NHCO(CH2)m-   i s   l o c a t e d   a t   t h e  o r t h o -   or  p a r a - p o s i t i o n ,   n  i s  

0  or  3  a n d ,   m  and  k  e a c h   r e p r e s e n t s   2,  a r e   p a r t i c u l a r l y  

a d v a n t a g e u o u s   in  t e r m s   of  p r e p a r a t i o n   and  c a n   be  a d v a n -  

t a g e o u s l y   e m p l o y e d   as  p h a r m a c e u t i c a l s .  

The  p o r p h y r i n   d e r i v a t i v e s   of  t h e   p r e s e n t   i n v e n t i o n   c a n  

e a s i l y   be  s y n t h e s i z e d   in  a  c o n v e n t i o n a l   m a n n e r ,   e . g . ,   by  a  

p r o c e s s   w h i c h   c o m p r i s e s   r e a c t i n g   p o r p h y r i n   c a r b o x y l i c   a c i d  

d e r i v a t i v e s   r e p r e s e n t e d   by  g e n e r a l   f o r m u l a   ( I I ) :  



w h e r e i n   R1,  h  and  X  h a v e   t h e   same  s i g n i f i c a n c e s   as  d e s c r i b e d  

a b o v e ,   w i t h   d i p y r i d o i m i d a z o l e   d e r i v a t i v e s   r e p r e s e n t e d   b y  

g e n e r a l   f o r m u l a   ( I I I ) :  

w h e r e i n   Y,  R2,  n  a n d   m  h a v e   t h e   same  s i g n i f i c a n c e s   a s  

d e s c r i b e d   a b o v e ,   in   a  m a n n e r   c o n v e n t i o n a l l y   u s e d   f o r   t h e  

f o r m a t i o n   of  a m i d e   b o n d ;   m o r e   s p e c i f i c a l l y ,   by  r e a c t i n g   ( I I )  

w i t h   ( I I I )   g e n e r a l l y   a t   room  t e m p e r a t u r e   in   a  n o n - p r o t o n i c  

s o l v e n t ,   e . g . ,   d i m e t h y l f o r m a m i d e   (DMF),  d i o x a n e ,   e t c .   u s i n g   a  

c o n d e n s i n g   a g e n t   s u c h   as  d i c y c l o h e x y l c a r b o d i i m i d e   ( D C C ) ,  

N , N - c a r b o n y l d i i m i d a z o l e ,   d i c y c l o h e x y l c a r b o d i i m i d e - N - h y d r o x y -  

s u c c i n i m i d e ,   h y d r o x y b e n z t r i a z o l e - D C C ,   e t c .   The  r e s u l t i n g  

p r o d u c t s   c a n   be  s e p a r a t e d   by  c h r o m a t o g r a p h y   u s i n g   s i l i c a   g e l  

or   a l u m i n a   f o l l o w e d   by  p u r i f i c a t i o n   t h r o u g h   r e c r y s t a l l i z a t i o n  

or   r e p r e c i p i t a t i o n .  

Among  t h e   p o r p h y r i n   c a r b o x y l i c   a c i d   d e r i v a t i v e s   o f  

g e n e r a l   f o r m u l a   ( I I )   d e s c r i b e d   a b o v e ,   d e u t e r o p o r p h y r i n   a n d  

p r o t o p o r p h y r i n   a r e   known  c o m p o u n d s   b u t   some  of  t e t r a p h e n y l -  



p o r p h y r i n   d e r i v a t i v e s   a r e   n o v e l .   T h e s e   n o v e l   c o m p o u n d s   c a n  

a l s o   be  p r e p a r e d   in  a  m a n n e r   s i m i l a r   to  t h e s e   k n o w n  

c o m p o u n d s .  

The  d i p y r i d o i m i d a z o l e   d e r i v a t i v e s   r e p r e s e n t e d   b y  

g e n e r a l   f o r m u l a   ( I I I )   can   e a s i l y   be  p r e p a r e d   f r o m   2 - a m i n o -  

d i p y r i d o i m i d a z o l e s   of  g e n e r a l   f o r m u l a   ( I V ) :  

w h e r e i n   R 2  h a s   t h e   same  s i g n i f i c a n c e   as  d e s c r i b e d   a b o v e ,   in  a  

c o n v e n t i o n a l   m a n n e r .   T h a t   i s ,   h e a t i n g   of  2 - a m i n o d i p y r i d o -  

i m i d a z o l e s   w i t h ,   f o r   e x a m p l e ,   3 - b r o m o p r o p y l a m i n e   h y d r o b r o m i d e  

g i v e s   c o m p o u n d s   of  g e n e r a l   f o r m u l a   ( I I I )   w h e r e i n   m  is   0  and   Y 

is   -CH2CH2CH2-.   F u r t h e r ,   t h e   r e a c t i o n   of  2 - a m i n o d i p y r i d o -  

i m i d a z o l e s   of  g e n e r a l   f o r m u l a   (IV)  w i t h   s u c c i n i c   a n h y d r i d e  

and  t h e n   w i t h   a m i n e s   such   as  s p e r m i n e ,   s p e r m i d i n e   or  t h e   l i k e  

in  t h e   p r e s e n c e   of  a  c o n d e n s i n g   a g e n t   s u c h   as  N , N - c a r b o n y l -  

d i i m i d a z o l e ,   e t c .   f o r m s   t h e   a m i d e   bond   to  g i v e   c o m p o u n d s   o f  

g e n e r a l   f o r m u l a   ( I I I )   w h e r e i n   n  i s   2  or  3,  m  is   3  or  4  and  Y 

is   -COCH2CH2CO-.  



With   r e s p e c t   t o   p o r p h y r i n   c o m p l e x   c o m p o u n d s ,   t h e   a i m e d  

p r o d u c t s   c a n   be  o b t a i n e d   as  t h e y   a r e ,   in   c a s e   t h a t   m e t a l   i o n s  

a r e   p r e v i o u s l y   c o n t a i n e d   in   p o r p h y r i n ,   f o r   e x a m p l e ,   in   c a s e  

t h a t   h e m i n   c h l o r i d e   or  t h e   l i k e   i s   e m p l o y e d   as  a  r a w .  

m a t e r i a l .   O t h e r w i s e ,   p o r p h y r i n   c o m p l e x   c o m p o u n d s   c a n   b e  

o b t a i n e d   by  d i s s o l v i n g   c o m p o u n d s   r e p r e s e n t e d   by  f o r m u l a   ( I )  

in  s o l v e n t s   s u c h   as  d i m e t h y l f o r m a m i d e ,   e t c .   f o l l o w e d   b y  

r e a c t i n g   w i t h   m e t a l   s a l t s   s u c h   as  F e C l 2 ,   F e C l 3 ,   C u C l 2 ,   e t c .  

w h i l e   h e a t i n g .  

H e r e a f t e r   t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

more   d e t a i l   w i t h   r e f e r e n c e   to  t h e   f o l l o w i n g   e x a m p l e s   w h e r e i n  

a l l   p e r c e n t a g e s   a r e   p a r t s   by  w e i g h t   and  t h e   p r e s s u r e   i s  

a t m o s p e r i c ,   u n l e s s   o t h e r w i s e   i n d i c a t e d .  

E x a m p l e   1  

P r e p a r a t i o n   of  p o r p h y r i n   d e r i v a t i v e   of  f o r m u l a   ( I ' ) :  



a)  P r e p a r a t i o n   of  raw  m a t e r i a l   ( a ) ,   m e s o m o n o - p - a n i l i n o - t r i -  
p - t o l y l p o r p h y r i n   s u c c i n o y l   d e r i v a t i v e ,   shown  by  t h e  
f o l l o w i n g   s t r u c t u r e :  

A  m i x t u r e   of  p - t o l u a l d e h y d e ,   p - n i t r o b e n z a l d e h y d e   a n d  

p y r r o l e   in  a  m o l a r   r a t i o   of  2  :   1  :   3  was  h e a t e d   u n d e r   r e f l u x  

in  a c e t i c   a c i d   f o r   30  m i n u t e s .   A f t e r   c o o l i n g ,   t h e   c r y s t a l s  

p r e c i p i t a t e d   were   t a k e n   and  d i s s o l v e d   in  c o n c .   h y d r o c h l o r i c  

a c i d .   To  t h e   s o l u t i o n   was  a d d e d   s t a n n o u s   c h l o r i d e   to   e f f e c t  

r e d u c t i o n   a t   65°C  f o r   1  h o u r .   The  r e a c t i o n  l i q u i d   m i x t u r e  

was  r e n d e r e d   a l k a l i n e   w i t h   a m m o n i a   f o l l o w e d   by  e x t r a c t i o n  

w i t h   m e t h y l e n e   c h l o r i d e .   The  e x t r a c t   was  s e p a r a t e d   u s i n g   a  

s i l i c a   g e l   c o l u m n .   R e c r y s t a l l i z a t i o n   f rom  b e n z e n e - c h l o r o f o r m  

g a v e   t h e   s t a r t i n g   m e s o m o n o - p - a n i l i n o - t r i - p - t o l y l p o r p h y r i n .  

m e l t i n g   p o i n t  >  3 0 0 ° C  



1H-NMR  (COCl3)   ( δ )  

2 . 7 0   ( s ,   9H),  7 . 0 4   (d,  8Hz,  2 H ) ,  

7 . 5 2   (d,  8Hz,  6H),   7 . 9 5   (d,  8Hz,  2 H ) ,  

8 . 0 7   (d,  8Hz,  6H),   8 . 8 1   (s ,   4 H ) ,  

8 . 8 2   (d,  4Hz,  2H),   8 . 8 9   (d,  4Hz,  2H) 

In  20  ml  of  c h l o r o f o r m   was  d i s s o l v e d   50  mg  of  t h e   t h u s  

o b t a i n e d   m e s o m o n o - p - a n i l i n o - t r i - p - t o l y l p o r p h y r i n   and  20  mg  o f  

s u c c i n i c   a n h y d r i d e   was  a d d e d  t o   t h e   s o l u t i o n .   The  m i x t u r e  

was  h e a t e d  u n d e r   r e f l u x   f o r   1  h o u r .   M e t h a n o l   was  a d d e d   t o  

t h e   r e a c t i o n   m i x t u r e   to   o b t a i n   34  mg  ( y i e l d :   59%)  o f  

m e s o m o n o - p - a n i l i n o - t r i - p - t o l y l p o r p h y r i n   s u c c i n o y l   d e r i v a t i v e  

by  d i r e c t   c r y s t a l l i z a t i o n .  

1H-NMR  (COC13)  ( 0 )  

2 . 6 9   ( s ,   3H) 

2 . 6 6   ( s ,   6H) 

2 . 8 2   ( b r . s ,   4 H ) ,  

7 . 5 1   ( d ,  7 H z ,   4H),   8 . 0 6   (d,  7Hz,  4H)  

7 . 4 8   (d,  8Hz,  2H),   8 . 0 4   (d,  8Hz,  2 H ) ,  

7 . 7 9   (d,  9Hz,  2H),   8 . 1 0   (d,  9Hz,  2 H ) ,  

8 . 8 2   ( b r . s ,   8H) 

b)  P r e p a r a t i o n   of  raw  m a t e r i a l   ( b ) :  

To  a  s o l u t i o n   of  9 0 0  m g   of  2 - a m i n o - 6 - m e t h y l d i p y r i d o -  

[ l , 2 - a : 3 ' , 2 ' - d ] i m i d a z o l e   in   100  ml  of  e t h y l   a c e t a t e   was  a d d e d  

500  mg  of  s u c c i n i c   a n h y d r i d e .   The  m i x t u r e   was  h e a t e d   u n d e r  

r e f l u x .   The  p r e c i p i t a t e s   f o r m e d   a f t e r   c o o l i n g   w e r e   t a k e n   b y  

f i l t r a t i o n   to   o b t a i n   600  mg  ( y i e l d :   44%)  of  2 - s u c c i n o y l -  



a m i n o - 6 - m e t h y l d i p y r i d o [ l , 2 - a : 3 ' , 2 ' - d ] i m i d a z o l e   of  f o r m u l a  

b e l o w .  

1H-NMR  (DMSO-d6)  ( δ )  

2 . 5 2   ( t ,   J = 5 H z ) ,   2 . 5 6   ( s ,   3 H ) ,  

2 . 6 9   ( t ,   5Hz) ,   6 . 95   ( t ,   7 H z ) ,  

7 . 3 6   (d,  7Hz) ,   8 .22   (d,  ' 8 H z ) ,  

8 . 3 2   (d,  8Hz) ,   8 . 4 8   (d,  7 H z )  

Then  65  mg  of  t h e   t h u s   o b t a i n e d   d i p y r i d o i m i d a z o l e   w a s  

d e h y d r a t i o n - c o n d e n s e d   w i t h   160  mg  of  s p e r m i n e   in  5  ml  of  DMF 

in  t h e   p r e s e n c e   of  32  mg  of  N , N ' - c a r b o n y l d i i m i d a z o l e .   T h e  

r e a c t i o n   m i x t u r e   was  a l l o w e d   to  s t a n d   o v e r n i g h t   to   o b t a i n   a s  

an  o i l y   s u b s t a n c e   49  mg  ( y i e l d :   47%)  of  raw  m a t e r i a l   ( b )  

shown  by  t h e   s t r u c t u r e :  



The  c h a r a c t e r i s t i c   d a t a   of  t h i s   m a t e r i a l   (b)  a r e   a s  

f o l l o w s .  

1H-NMR  ( D M S O - d 6 )  

1 . 3 0  -   1 . 6 0   (m),  2 . 1 8  -   2 . 3 0   (m):  h y d r o g e n s   o f  

a l i p h a t i c   g r o u p  

2 . 6 8   ( s ) :   h y d r o g e n s   of  m e t h y l   g r o u p  

8 . 2 0  -   8 . 24   (m):  h y d r o g e n s   of  a r o m a t i c   g r o u p  

c)  T h i r t y   f o u r   (34)   mg  of  t h e   m e s o m o n o - p - a n i l i n o -  

t r i - p - t o l y l p o r p h y r i n   s u c c i n o y l   d e r i v a t i v e   o b t a i n e d   in  a )  

d e s c r i b e d   a b o v e   was  r e a c t e d   w i t h   9  mg  of  t h e   raw  m a t e r i a l   ( b )  

o b t a i n e d   in   b)  d e s c r i b e d   a b o v e   in   3  ml  of  DMF  in  t h e   p r e s e n c e  

of  1 .5   mg  of  N , N ' - c a r b o n y l d i i m i d a z o l e   to   o b t a i n   t h e   c r u d e  

p r o d u c t .   A f t e r   p u r i f i c a t i o n   of  t h e   c r u d e   p r o d u c t   by  s i l i c a  

g e l   c h r o m a t o g r a p h y ,   t h e   p r o d u c t   was  r e c r y s t a l l i z e d   f r o m  

w a t e r - m e t h a n o l   to   g i v e   7  mg  ( y i e l d :   72%)  of  t h e   p r o d u c t .  

E l e m e n t a l   A n a l y s i s   of  Compound   of  f o r m u l a   ( I ) . 6 H 2 0  

UV  A b s o r p t i o n :   in  C H 2 C l 2  -   10%  MeOH 
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In  1  ml  of  DMF  was  d i s s o l v e d   2  mg  of  t h e   p o r p h y r i n  

d e r i v a t i v e   of  f o r m u l a   ( I ' )   o b t a i n e d   in  E x a m p l e   1.  To  t h e  

s o l u t i o n   was  a d d e d   10  mg  of  h y d r o u s   f e r r o u s   c h l o r i d e .   T h e  

m i x t u r e   was  r e a c t e d   a t   80°C  f o r   3  h o u r s   u n d e r   d e - a i r a t e d  

c o n d i t i o n   to   o b t a i n   t h e   c r u d e   p r o d u c t   of  t h e   i r o n   c o m p l e x  

shown  b e l o w .   The  c r u d e   p r o d u c t   was  p u r i f i e d   by  a l u m i n a  

c h r o m a t o g r a p h y   f o l l o w e d   by  r e p r e c i p i t a t i o n   f r o m   m e t h a n o l -  

d i l u t e d   h y d r o c h l o r i c   a c i d .   M e l t i n g   p o i n t  >  3 0 0 ° C .  

UV  A b s o r p t i o n :   in  C H 2 C l 2  -   10%  MeOH 

mn  (ε mM)  668  ( 2 5 ) ,   505  ( 3 0 ) ,  4 4 5   ( 3 0 0 )  
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P r e p a r a t i o n   of  p o r p h y r i n   d e r i v a t i v e s   shown  by  f o r m u l a e  
(A)  and  ( B ) :  

a n d  



a)  P r e p a r a t i o n   of  raw  m a t e r i a l   ( a ) :  

Two  h u n d r e d   (200)   mg  of  2 - a m i n o - 6 - m e t h y l d i p y r i d o [ 1 , 2 -  

a : 3 ' , 2 ' - d ] i m i d a z o l e   m e l t e d   w i t h   400  mg  of  3 - b r o m o p r o p y l a m i n e  

h y d r o b r o m i d e   at  1 8 0  -   200°C  f o r   1  h o u r .   A f t e r   c o o l i n g ,   t h e  

p r o d u c t   was  i s o l a t e d   by  e x t r a c t i o n   ( ( 1 )   i n t o   an  a q u e o u s   p h a s e  

w i t h   a  weak  a l k a l i - e t h y l   a c e t a t e   (pH  7  to   8)  and  (2)  i n t o   a n  

o r g a n i c   p h a s e   w i t h   s t r o n g l y   a l k a l i n e   KOH  a q . - e t h y l   a c e t a t e ) .  

R e c r y s t a l l i z a t i o n   f rom  e t h a n o l - h y d r o b r o m i c   a c i d   g a v e   130  m g  

( y i e l d :   47%)  of  2 - ( a m i n o p r o p y l ) a m i n o - 6 - m e t h y l d i p y r i d o [ 1 , 2 -  

a : 3 ' , 2 ' - d ] i m i d a z o l e   ( raw  m a t e r i a l   a ) )   shown  by  t h e   f o l l o w i n g  

f o r m u l a :  

m e l t i n g   p o i n t :   2 8 3 - 2 8 8 ° C  



1H-NMR  (CD3OD)  ( 0 )  

2 . 1 0   ( t - t ,   J = 7 H z ) ,   2 . 7 0   (s ,   3 H ) ,  

3 . 1 5   ( t ,   7Hz) ,   3 . 6 6   ( t ,   7 H z ) ,  

7 . 0 3   (d,  l O H z ) ,   7 . 4 6   ( t ,   7 H z ) ,  

7 . 9 2   (d,  7 H z ) ,   7 . 9 5   (d,  l O H z ) ,  

8 . 9 4   (d,   7 H z )  

E l e m e n t a l   A n a l y s i s  

b)  In  15  ml  of  a n h y d r o u s   p y r i d i n e   was  d i s s o l v e d   3 5 0  

mg  of  c o m m e r c i a l l y   a v a i l a b l e   h e m i n   c h l o r i d e   and   50  mg  o f  

p i v a l y l   c h l o r i d e   was  s l o w l y   a d d e d   to   t h e   s o l u t i o n .   To  t h e  

m i x t u r e   was  a d d e d   120  mg  of  2 - ( a m i n o p r o p y l ) a m i n o - 6 -  

m e t h y l d i p y r i d o [ 1 , 2 - a : 3 ' , 2 ' - d ] i m i d a z o l e   o b t a i n e d   in   a ) .   T h e  

m i x t u r e   was  r e a c t e d   a t   room  t e m p e r a t u r e   f o r   30  m i n u t e s   a n d  

100  ml  of  3N  h y d r o c h l o r i c   a c i d   was  a d d e d   to   t h e   r e a c t i o n  

m i x t u r e .   The  f o r m e d   p r e c i p i t a t e s   we re   s e p a r a t e d   by  s i l i c a  

g e l   Co lumn   c h r o m a t o g r a p h y   to   o b t a i n   a  m i x t u r e   of  i s o m e r s  

shown  by  f o r m u l a e   A  and  B.  The  m i x t u r e   was  r e p r e c i p i t a t e d  

f rom  p y r i d i n e - h y d r o c h l o r i c   a c i d   to   o b t a i n   t h e   i s o m e r i c  

m i x t u r e   in   t h e   a m o u n t   of  34  mg  ( y i e l d :   1 1 . 3 % ) .  



UV  A b s o r p t i o n :   ( in   m e t h a n o l ,   nm):  365  ( s h ) ,   388  nm 

( in   DMSO,  nm,  ε mM):  620  ( 4 ) ,   498  ( 9 ) ,  

404  ( 1 0 3 )  

1H-NMR  (DMSO-d6) :   δ  1 .5   ( b r . ) ,   7-8  ( a r o m a t i c )  

Mass   s p e c t r u m   (FAB):  856  (M++1) 

E x a m p l e   4 

Two  h u n d r e d   and  f i f t y   (250)   mg  of  h e m i n   c h l o r i d e   w a s  

r e a c t e d  w i t h   100  m g  o f   p i v a l y l   c h l o r i d e   in  15  ml  w h i l e  

h e a t i n g   to   fo rm  t h e   a c t i v e   e s t e r .  T h e   a c t i v e   e s t e r   w a s  

r e a c t e d   w i t h   300  mg  of  2 - ( a m i n o p r o p y l ) a m i n o - 6 - m e t h y l d i p y r i d o -  

[ 1 , 2 - a : 3 ' , 2 ' - d ] i m i d a z o l e   o b t a i n e d   in  E x a m p l e   3  a)  f o r   30 

m i n u t e s   to   o b t a i n   t h e   c o m p o u n d   d e s c r i b e d   b e l o w .   The  c o m p o u n d  

was  p u r i f i e d   by  s i l i c a   g e l   c h r o m a t o g r a p h y .   R e p r e c i p i t a t i o n  

f rom  p y r i d i n e - h y d r o c h l o r i d e   g a v e   24  mg  ( y i e l d :   12%)  of  b r o w n  

p r e c i p i t a t e s .  

UV  A b s o r p t i o n :   ( in   m e t h a n o l ) :   365  nm  ( s h ) ,   388  nm 

( in   DMSO,  nm,  ε mM):  625  ( 3 ) ,   500  ( 6 ) ,  

401  ( 1 4 0 ) .  

Mass  s p e c t r u m   (FAB):  1093  (M+  +  1 )  
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2 - ( A m i n o e t h y l ) a m i n o - 6 - m e t h y l d i p y r i d o [ 1 , 2 - a : 3 ' , 2 ' - d ] -  

i m i d a z o l e   p r e p a r e d   in   a  m a n n e r   s i m i l a r   to   E x a m p l e   3  a)  w a s  

r e a c t e d   w i t h   h e m i n   c h l o r i d e   in   a  m a n n e r   s i m i l a r   to   E x a m p l e   4 

to   g i v e   t h e   c r u d e   p r d o c u t .   The  c r u d e   p r o d u c t   was  p u r i f i e d   b y  

s i l i c a   g e l   c h r o m a t o g r a p h y   ( d e v e l o p e d   w i t h   e t h y l   a c e t a t e -  

m e t h a n o l - a m m o n i u m   h y d r o x i d e   in   a  8 : 2 : 0 . 8   m o l a r   r a t i o )   to   g i v e  

t h e   p r o d u c t   shown  b e l o w .   Y i e l d   1 2 % .  

Mass   s p e c t r u m   (FAB):   1065  (M+  +  1 )  



By  c h r o m a t o g r a p h y ,   t h e   1 :1   r e a c t i o n   p r o d u c t s   of  h e m i n  

c h l o r i d e   and  t h e   p y r i d o i m i d a z o l e   ( w h i c h   p r o d u c t s   c o r r e s p o n d  

to  t h e   p r o d u c t s   shown  by  f o r m u l a e   A  and  B  ( l =   2)  o b t a i n e d   i n  

E x a m p l e   3)  were   o b t a i n e d   f r o m   f r a c t i o n s   h a v i n g   h i g h e r  

p o l a r i t y   in  t h e   y i e l d   of  5%. 

Mass  s p e c t r u m   (FAB):   842  (M+  +  1 )  

E x a m p l e   6 

2 - ( A m i n o b u t y l ) a m i n o - 6 - m e t h y l d i p y r i d o [ 1 , 2 - a : 3 ' , 2 ' - d ] -  

i m i d a z o l e   p r e p a r e d   in  a  m a n n e r   s i m i l a r   to  E x a m p l e   3  a)  w a s  

r e a c t e d   w i t h   hemin   c h l o r i d e   in  a  m a n n e r   s i m i l a r   to   E x a m p l e   4 .  

The  p r o d u c t   was  i s o l a t e d   by  s i l i c a   g e l   c h r o m a t o g r a p h y   a n d  

r e p r e c i p i t a t e d   f rom  p y r i d i n e - h y d r o c h l o r i c   a c i d   to   o b t a i n   a  

c o m p o u n d   shown  b e l o w   in  t h e   y i e l d  o f   1 0  -  1 5 % .  



UV  A b s o r p t i o n   ( i n   DMSO,  nm,  ε  m M ) :  

624  ( 2 . 9 ) .   501  ( 7 . 1 ) ,   400  ( 1 6 5 )  

E l e m e n t a l   A n a l y s i s  a s   ( C 6 4 H 6 5 N 1 4 O 2 F e C l ) . 6 H C l . 6 H 2 O  

By  c h r o m a t o g r a p h y ,   t h e   1 :1   r e a c t i o n   p r o d u c t s   of  h e m i n e  

c h l o r i d e   and  t h e   p y r i d o i m i d a z o l e   ( w h i c h   p r o d u c t s   c o r r e s p o n d  



to  t h e   p r o d u c t s   shown  by  f o r m u l a e   A  and   B  ( l   =  4)  o b t a i n e d   i n  

E x a m p l e   3)  w e r e   o b t a i n e d   f rom  f r a c t i o n s   h a v i n g   a  h i g h e r  

p o l a r i t y   in  t h e   y i e l d   of  7%. 

Mass  s p e c t r u m   (FAB):  870  (M+  +  1 )  

Whi l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   in   d e t a i l   a n d  

w i t h   r e f e r e n c e   to   s p e c i f i c   e m b o d i m e n t s   t h e r e o f ,   i t  w i l l   b e  

a p p a r e n t   to  one   s k i l l e d   in   t h e   a r t   t h a t   v a r i o u s   c h a n g e s   a n d  

m o d i f i c a t i o n s   c a n   be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   and  s c o p e   t h e r e o f .  
. 



1.  A  p o r p h y r i n   d e r i v a t i v e   r e p r e s e n t e d   by  g e n e r a l  

f o r m u l a   ( I ) :  

w h e r e i n   R1  r e p r e s e n t s   a  l o w e r   a l k y l   g r o u p ,   -CH=CH2,  

-CH2CH2CO2H,   a  s u b s t i t u t e d   or   u n s u b s t i t u t e d   a r y l   g r o u p ;   h  

r e p r e s e n t s   0  to   8  w h e r e i n ,   when  h  i s   n o t   s m a l l e r   t h a n   2,  R1 

e a c h   may  be  t h e   same  or  d i f f e r e n t ;   X  r e p r e s e n t s  

or  -CH2CH2- ;   m  r e p r e s e n t s   an  i n t e g e r   of  2 

to   4;  n  r e p r e s e n t s   0  to   4;  Y  r e p r e s e n t s   - ( C H 2 ) l -   o r  

- C O - ( C H 2 ) l - C O -   w h e r e i n  l   r e p r e s e n t s  a n   i n t e g e r   of  2  to   5;  R2 



r e p r e s e n t s   H  or  a  l o w e r   a l k y l   g r o u p ;   and  k  r e p r e s e n t s   a n  

i n t e g e r   of  1  to   4,  or  a  m e t a l   c o m p l e x   c o m p o u n d   t h e r e o f .  

2.  The  m e t a l   c o m p l e x   c o m p o u n d   of  a  p o r p h y r i n  

d e r i v a t i v e   r e p r e s e n t e d   by  g e n e r a l   f o r m u l a   ( I )   as  c l a i m e d   i n  

c l a i m   1  w h e r e i n   s a i d   m e t a l   of  t h e   m e t a l   c o m p l e x   c o m p o u n d   i s  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  F e I I I   and  C u I I .  

3 .  T h e   m e t a l   c o m p l e x   c o m p o u n d   of  a  p o r p h y r i n  

d e r i v a t i v e   r e p r e s e n t e d   by  g e n e r a l   f o r m u l a   ( I )   as  c l a i m e d   i n  

c l a i m   2  w h e r e i n   h  r e p r e s e n t s   3  to   7,  X  r e p r e s e n t s ;   when  X  i s  

t h e   s u b s t i t u e n t   -NHCO(CH2)m-  i s   l o c a t e d  

at   t h e   o r t h o -   or  p a r a - p o s i t i o n ;   n  r e p r e s e n t s   0  o r   3  and ,   m 

and  k  e a c h   r e p r e s e n t s   2 .  

4.  The  p o r p h y r i n   d e r i v a t i v e   as   c l a i m e d   in   c l a i m   1 

w h i c h   i s   shown  by  t h e   f o l l o w i n g   f o r m u l a :  



5.  The  m e t a l   c o m p l e x   c o m p o u n d   as  c l a i m e d   i n  c l a i m   1 

w h i c h   i s   shown   by  t h e   f o l l o w i n g   f o r m u l a :  

6.  The  m e t a l   c o m p l e x   c o m p o u n d   as  c l a i m e d   in   c l a i m   1  

w h i c h   i s   a  m i x t u r e   of  f o r m u l a e   (A)  and  (B)  shown  b e l o w :  



w h e r e i n  l   r e p r e s e n t s   an  i n t e g e r   of  2  to   4 .  

7.  The  m e t a l   c o m p l e x   c o m p o u n d   as  c l a i m e d   in   c l a i m   1  

w h i c h   i s   r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a :  



8.  The  m e t a l   c o m p l e x   c o m p o u n d   as  c l a i m e d   in  c l a i m   1 

w h i c h   i s   s h o w n   by  t h e   f o l l o w i n g   f o r m u l a :  



9.  The  m e t a l   c o m p l e x   c o m p o u n d   as  c l a i m e d   in  c l a i m   1 
w h i c h   i s   shown  by  t h e   f o l l o w i n g   f o r m u l a :  
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